SUMMARY The clinical course of 4 patients who had reduced activities of 3-methylcrotonyl CoA carboxylase (also called 3-methylcrotonylglycinuria) is described. Two children presented with a metabolic acidosis, one in the neonatal period and the other with episodes of acidosis that started in the second year of life. In the other 2 children neurological symptoms were prominent, one having infantile spasms and the other developmental regression with a skin rash and alopecia.
Inborn errors of all the enzymes of leucine degradation have now been described ( Fig. 1 On admission at 69 hours she lay quietly with rapid and deep sighing respirations, but was jittery on being disturbed. Her muscle tone was normal. Arterial blood gases were pH 7 04, Pco2 21 mmHg (2. 8 kPa), base excess -26 mmol/l. Plasma aminoacids showed raised levels of the branch chain aminoacids (leucine 650 ,mol/l (8 * 5 mg/100 ml), isoleucine 200 Vmol/l (2-6 mg/100 ml), valine 350 ,umol/l (4-1 mg/100 ml)) with slightly increased alanine levels, but the remainder of the pattern was normal.
She was initially thought to have maple syrup urine disease and was treated with glucose and sodium bicarbonate intravenously, and a glucose polymer and synthetic amino-acid mixture that omitted the branch chain amino-acids by mouth. She was also started empirically on biotin 10 mg and thiamine 20 mg daily.
The correct diagnosis was made by gas-liquid chromatography of the urine organic acids which showed the presence ofa gross excess of 3-hydroxyisovalerate (3HIVA, about 5 mmol/mmol creatinine) and 3-hydroxybutyrate, but 3-methylcrotonylglycine (3MCG) was not detected. Oral biotin was continued and the protein content of her diet was slowly increased from 0 5 g/kg to 3 g/kg a day. On this regimen she fed well, gained weight, and behaved normally. After 4 weeks in hospital the organic acid pattern in her urine was normal. At age 6 months her protein intake was increased to 5 g/kg a day but within 24 hours she had become acidotic with metabolites in the urine. Since then she has continued on a protein intake of 2 5 g/kg a day and has thrived. At age 3 years her development is normal. Measurement of the activity of 3-methylcrotonyl CoA carboxylase activity in cultured fibroblasts showed lack of activity, and there was no improvement when the cells were cultured in additional biotin. The activity of propionyl CoA carboxylase was lower than that of controls (Table 1) . Case 2. This girl was born on 2 November 1972, the second child of healthy but consanguineouslyrelated Pakistani parents. She had been born normally at term weighing 2-84 kg and had progressed normally until the onset of typical salaam spasms at one month. After a few days she started to have generalised convulsions and, when admitted to a local paediatric unit shortly afterwards, she was found to be acidotic with raised plasma concentrations of pyruvate (238-300 Fmol/l (2 1-2 6 mg/ 100 ml) normal <100 ,umol/l (0 9 mg/100 ml)), and group.bmj.com on August 28, 2017 -Published by http://adc.bmj.com/ Downloaded from lactate (3-5-4-2 mmol/l (31-5-37-8 mg/100 ml), normal <1 8 mmol/l (16 2 mg/100 ml)). At 10 weeks she was transferred to The Hospital for Sick Children; she was mildly tachypnoeic but not ill. Although floppy, the tendon reflexes were exaggerated and she was inactive and unresponsive. Her head circumference was 40-2 cm (50th centile) and she weighed 5 07 kg (50th centile). During the next month she developed athetoid movements and became hypertonic with opisthotonic posturing. She remained inattentive to visual stimuli and had frequent extensor spasms, major fits being controlled with phenytoin. Blood gases confirmed a consistent mild metabolic acidosis (pH 7 33, Pco2 30 mmHg (4 0 kPa), base excess -5 mmol/l), with raised plasma pyruvate (I140-187 ,mol/l (1 2-1 65 mg/100 ml)) and lactate levels (2.6 mmol/l mg/100 ml)).
Blood and urine amino-acids were normal. An electroencephalogram showed a gross abnormality and lack of usual rhythmic activity, with multifocal discharges and periods of diminished activity. Air encephalography demonstrated cerebral atrophy. Gas-liquid chromatography of organic acids in the urine showed a gross excess of 3HIVA and lactate. After starting biotin (5 mg daily orally), there was considerable improvement. The abnormal organic acids disappeared from the urine and she became more responsive and less hypertonic. The fits stopped. During the next 3 months she started to smile at her parents and showed better head control. Tendon reflexes became normal.
At age 53 years she has a spastic diplegia but is able to walk with help although not on her own. She has no recognisable speech but is able to understand simple commands. No (5-6 kPa) , base excess -10 3 mmol/l). Urine and plasma aminoacids were normal. Gas-liquid chromatography of the urine showed the presence of 3HIVA (0'42 mmol/mmol creatinine) and 3 MCG (0 25 mmol/ mmol creatinine). After treatment with oral biotin (5 mg daily) for 10 days the abnormal metabolites disappeared. She was discharged on oral biotin and advised to continue the low-protein diet. When seen 6 months later she had remained well and had had chicken pox uneventfully. She had developed a liking for protein and had increased her protein intake to about 3-6 g/kg a day. On this diet the metabolites were present in the urine and she was advised to reduce her protein intake to 2 g/kg a day. The child can no longer be followed up as the family has returned to the Middle East.
The results of the enzyme studies show that she has a defect of three biotin-dependent carboxylases-3-methylcrotonyl CoA carboxylase, propionyl CoA carboxylase, and pyruvate carboxylase. In the presence of biotin the activity of these enzymes was restored to normal ( Investigations showed a compensated metabolic acidosis (pH 7-36, Pco2 13 * 2 mmHg (I -8 kPa), base excess -14-8 mmol/l). The blood lactate was 8 mmol/l (72.0 mg/100 ml) and pyruvate 417 ,tmol/l (3 7 mg/100 ml). Plasma amino-acids were normal but there was increased excretion of alanine and glycine in the urine. Gas with developmental regression, 2 with infantile spasms, and 1 with generalised convulsions. The diagnosis of 3-methylcrotonyl CoA carboxylase deficiency was initially made on the basis of the organic acids excreted in the urine. These are derived from the 3-methylcrotonyl CoA which accumulates and can be metabolised in three ways (Fig. 2) . It can be conjugated with glycine to form 3-methylcrotonylglycine. 3-Hydroxyisovalerate is formed by the action of enoyl hydratase and subsequent hydrolysis of thioester. Direct hydrolysis of the 3-methylcrotonyl CoA also occurs to a limited extent. The pattern of the organic acids excreted in the urine will be determined by the relative activities of these enzymes, their affinity for the substrate, and the availability ofglycine. In most patients (Cases 3, 4, 5-7, 9-12) the concentrations of 3MCG (or 3MCA) and 3HIVA were greatly raised, but in Cases 1, 2, 8, and 13 only 3HIVA was detected. Potentially the presence of this acid alone could cause diagnostic difficulties as this metabolite is excreted in similar concentrations in keto-acidosis14 and also in combination with other organic acids in isovalericacidaemia15 and 3-hydroxy-3-methylglutaric aciduria.1617 Thus the diagnosis should be confirmed by measuring the activity of the 3-methylcrotonyl CoA carboxylase. In 2 children in whom the enzyme was measured who excreted only 3HIVA, the activity of this enzyme was low.
Facilities for detecting organic acids are not widely available, so the diagnosis is often delayed ( Table 2 ). The presence of a metabolic acidosis is often a useful clue to the possibility of an organic acidaemia but in only 6 of these cases was the metabolic acidosis (base deficit >10 mmol/l) sufficient to suggest the possibility of an organic acidaemia. Furthermore blood and urine lactate levels are often raised in the acute phase of this condition (Cases 2, 4, 9, 10, 11, 12, and 13), and as a result the acidosis may be attributed wholly to lactic acidosis, no measurement of the organic acids being made. Plasma and urine amino-acids are generally normal although mildly raised branch (Fig. 3) . Thus a defect of the synthetase, biotin availability, or the apoenzyme could cause decreased holocarboxylase activity. One child (Case 1) was clinically responsive only to a partial extent to biotin and had complete lack of enzyme activity in cultured fibroblasts. There was no increase in activity when the cells were cultured in the presence of additional biotin. But in other patients (Cases 3, 6, and 11) there was almost certainly a defect in biotin metabolism because the patients had defects of more than one biotin-dependent enzyme and the activity of these enzymes was restored to normal with additional biotin in the culture medium. Clinically all responded well to large doses of oral biotin. Three patients (Cases 4, 11, and 12) have been described with the combination of alopecia, skin rash, hypotonia, and developmental regression. They have all responded strikingly to oral biotin. Alopecia and skin rash are symptoms of systematic biotin deficiency18-19 and it has been suggested that these patients have a more generalised abnormality of biotin metabolism, possibly a defect in biotin transport. In the 2 patients in whom 3-methylcrotonyl CoA carboxylase activity was measured it was normal. It 
